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A Low-cost Method for Collecting Hyperspectral Measurements 
from a Small Unmanned Aircraft System 
Ali Hamidisepehra, Michael P. Sama*a 
a Department of Biosystems and Agricultural Engineering, University of Kentucky, Lexington, 
Kentucky, USA 40546-0276; phone:859-218-4325; e-mail: michael.sama@uky.edu 
Abstract 
Small unmanned aircraft systems (UAS) are a relatively new tool for collecting remote sensing data at dense spatial 
and temporal resolutions. This study aimed to develop a spectral measurement platform for deployment on a UAS for 
quantifying and delineating moisture zones within an agricultural landscape. A series of portable spectrometers covering 
ultraviolet (UV), visible (VIS), and near-infrared (NIR) wavelengths were instrumented using a Raspberry Pi embedded 
computer that was programmed to interface with the UAS autopilot for autonomous data acquisition. A second set of 
identical spectrometers were fitted with calibrated irradiance lenses to capture ambient light during data acquisition. 
Data were collected during the 2017 Great American Eclipse while observing a reflectance target to determine the ability 
to compensate for ambient light conditions. A calibration routine was developed that scaled raw reflectance data by 
sensor integration time and ambient light energy. The resulting calibrated reflectance exhibited a consistent spectral 
profile and average intensity across a wide range of ambient light conditions. Results indicated the potential for 
mitigating the effect of ambient light when passively measuring reflectance on a portable spectral measurement system. 
Future work will use multiple reflectance targets to test the ability to classify targets based on spectral signatures under a 
wide range of ambient light conditions.  
Keywords: Remote sensing, Ambient light calibration, Unmanned aircraft system, Spectroscopy, Eclipse  
1. Introduction 
Efficient irrigation management is one of the most important issues producers face in arid and semi-arid areas [1-2]. 
Novel technologies, such as variable-rate irrigation, help to control water usage and result in more efficient irrigation [3-
4]. To spatially implement variable-rate irrigation, a prescription map containing information about the actual water 
status of the field is needed [5]. Remote sensing is one possible method for obtaining water status in a field and 
generating near real-time prescription maps for irrigation. Traditional deployments of remote sensing include satellite 
and conventional aircraft, but they are limited in terms of cost, temporal resolution, and spatial resolution. Unmanned 
aircraft systems (UAS), or drones, are relatively new tools for collecting remote sensing in agricultural applications [6-
7]. In one study, traditional methods of remote sensing, including satellites and manned aircraft systems, were compared 
to UAS. It was concluded that UAS were more cost-effective in fields smaller than five hectares and UAS were 
determined to provide higher precision data [8]. 
Reflectance-based remote sensing is a potential method for quantifying soil moisture and delineating moisture 
management zones. Several studies have focused on using visible, multispectral, or hyperspectral cameras mounted on 
drones to evaluate crop/soil status by monitoring different index values with a high spatial resolution. Spectral 
reflectance data collected using UAS are extensively used in research to estimate different soil and crop parameters. 
Example applications include estimating soil fertility [9], generating vegetation indices [10-11], assessing tree crowns 
for breeding applications [12], yield estimation [13], plant classification [14], weed detection [15], and controlling 
herbicide applications [16] are only a few applications of UAS in agricultural domain. 
Advances in spectrometer development have led to more portable systems, or micro-spectrometers, that are 
particularly suitable for UAS deployment due their small size and mass. One study showed that measurements from 
UAS-deployed micro-spectrometers were highly correlated with ground reference measurements and concluded that the 
UAS platform could provide a faster and more accurate method for spectral data collection [17]. A subsequent study, 
where a visible micro-spectrometer was used to measure reflectance, showed that the remote sensing estimations were 
highly correlated to ground spectral measurements [18]. In another study, a spectrometer coupled with a camera was 
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mounted on a UAS to measure radiance values from different targets. The same model spectrometer had previously been 
used to collect data from a satellite in orbit, and when data collected from these two platforms were compared, it was 
confirmed that the UAS provided an efficient platform for collecting spectral data [19]. 
Calibration of hyperspectral measurement systems is a challenge due to the large number of factors that can influence 
spectral response. For lab-based spectrometry, measurements are taken under controlled light conditions, which cannot 
be applied with UAS-deployed spectrometers under field condition with frequent changes in ambient light. The 
empirical line method is one of the common approaches for calibrating hyperspectral images against variable 
illumination. In this approach, tarps or panels with known relative reflectance are placed in a field during the data 
collection. By finding the relationship between known reflectance values and digital count output of the sensor, an 
equation is obtained and then applied to all measurements to complete the calibration process [17-18]. The data 
collection period is limited since changing sun angle during data acquisition affect the reflectance [9]. Transient cloud 
cover can also substantially affect the amount of reflected light observed. Another limitation is the practical limitation of 
having tarps or other reference targets in all images, especially when high resolution data is desired or a large area is 
covered [20]. Devising a method that can keep track of ambient light changes while measuring the reflectance from a 
spectral target is desired. By automating this measurement process through ambient light detection, percent reflectance 
can be obtained for every single wavelength in the spectrum at a low cost and under various ambient light conditions. 
[21-22]. 
Previous work by [23] showed that relative reflectance in the visible and near-infrared range could be used to 
optimally develop a normalized difference water index (NDWI) that predicted soil moisture content from direct soil 
observations. However, the experiment relied on a controlled light source, which is not practical for UAS-based spectral 
measurements. In this study, the overall goal was to develop a spectral sensing platform suitable for UAS deployment to 
measure the reflectance from a reference target to assist with the development of a calibration procedure that is 
functional over a wide range of ambient light conditions. Specific objectives included:  
1. Instrument a series of portable spectrometers and integrate into a UAS for autonomous data collection. 
2. Develop a method to compensate for ambient light conditions and sensor integration time when collecting raw 
spectral reflectance measurements. 
 
2. Material and Methods 
2.1 Sensor Instrumentation 
In this experiment, two spectral data acquisition systems were used: an updward-facing ambient light system to 
measure solar irradience at ground level; and a downward-facing reflectance system to measure reflectance from a target 
located at ground level. Both systems consist of three spectrometers (STS; Ocean Optics; Dunedin, FL) in the ultraviolet 
(UV), visible (VIS), and near-infrared (NIR) ranges (Table 1). Ambient light and reflectance raw spectral measurements 
were reported as 14-bit digital count values in integer format. The ambient light spectrometers were fitted with optical 
diffusers and factory calibrated in compliance with NIST practices. Calibration data were used to convert raw spectral 
measurements at each wavelength from an integer count value to units of microjoules. The reflectance spectrometers 
were fitted with collimating lenses to set the field-of-view (FOV) and align the light entering the spectrometers. 
Table 1: Model number and lens type for individual spectrometers in ambient light and reflectance systems. 
System Spectrometer Type Model Number Optics 
Ambient light 
UV STS-UV-L-25-400-SMA CC-3-DA 
VIS STS-VIS-L-50-400-SMA CC-3-DA 
NIR STS-NIR-L-25-400-SMA CC-3-DA 
Reflectance 
UV STS-UV-L-100-400-SMA 74-DA 
VIS STS-VIS-L-100-400-SMA 74-DA 
NIR STS-NIR-L-100-400-SMA 74-DA 
 
Proc. of SPIE Vol. 10664  106640H-2
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
fisRsoFamitp
 
 
2.2 Data Ac
The target
UAS platform
would need t
coupled with
data acquisit
development
Foundation, 
individual sp
practical in a
autopilot to t
system (A3; 
“shutter” com
spectrometer
major compo
Figure 1:
Componen
the autopilot
radio control
control the U
Both ambien
regulator (28
Chino, CA) w
two LEDs to
trigger a me
converter (28
quisition Syst
 application fo
 while comp
o be remotely
 a Raspberry P
ion system to
 kit (SDK) for
Cambridge, U
ectrometers vi
gricultural app
rigger measur
DJI; Nanshan
mand normal
 was identical
nents used in t
 Hardware blo
ts inside the 
; a GPS receiv
 (RC) transm
AS manually a
t light and re
58; Pololu; La
ith a USB co
 indicate if sen
asurement or i
01; Pololu; La
em 
r this measure
ensating for v
 recorded at d
i 3 (RPi) (B V
 control the 
 the RPi that 
nited Kingdom
a a WiFi conn
lications, a pu
ements using 
 District, She
ly used to trig
 to taking a p
he reflectance
ck diagram sch
a
autopilot inclu
er (A300P-GP
itter (GL858A
nd also to mo
flectance syste
s Vegas, NV) 
nnection to sy
sors were taki
f sampling wa
s Vegas, NV) 
ment system w
arying ambien
efined location
1.2; Raspberr
measurement 
was preinstalle
). The SDK c
ection to a PC
lse-width-mo
a digital input
nzhen, China)
ger the capture
icture from th
 and ambient l
ematic of the d
nd b. reflectan
ded: a voltage
S COMPASS 
; DJI) and a 
nitor the flight
ms were equ
to set the RPi
chrnoize the l
ng measureme
s to proceed 
was used in th
as to automa
t light conditi
s or intervals.
y Pi Foundati
process. The 
d on a Raspb
onfigured the
. Since WiFi 
dulation (PWM
 on the RPi. T
 and configur
 of imagery fr
e perspective 
ight systems.
ata acquisition 
ce measuremen
 regulator (A3
PRO, DJI) to u
receiver (R81
 via a live vide
ipped with sim
 input voltage
ocal time on t
nt and to show
automatically 
e reflectance s
te the collectio
ons. This mea
 To accomplis
on; Cambridge
spectrometer 
ian distributio
 RPi as web s
control of the 
) to digital c
he UAS was 
ed to output a
om an on-boa
of mission pla
system includin
t systems.   
00P-PMU PR
pdate the tim
0A; DJI; Nan
o feed. 
ilar supportin
at 5 V; a GPS
he RPi to Unv
 if the system
on a pre-prog
ystem to allow
n of spectral r
nt data from m
h this requirem
, United King
manufacturer
n of Linux (V
erver, facilitati
UAS-deployed
onverter was u
fitted with an 
 PWM signal
rd camera. As 
nning softwar
g all compone
O, DJI) to reg
e and the locat
shan District,
g component
 receiver (BU
ersal Coordin
 was expectin
rammed interv
 the autopilot 
eflectance dat
ultiple spectr
ent, each sys
dom) as an em
 provided a 
ersion 7; Rasp
ng wireless co
 system woul
sed to allow t
off-the shelf a
 correspondin
a result, trigge
e. Figure 1 sh
nts for a. ambie
ulate input vo
ion of the UA
 Shenzhen, C
s including: a
-353S4; USGl
ated Time (UT
g an external 
al. A PWM-t
to trigger func
a from a 
ometers 
tem was 
bedded 
software 
berry Pi 
ntrol of 
d not be 
he UAS 
utopilot 
g to the 
ring the 
ows the 
 
nt light 
ltage to 
S; and a 
hina) to 
 voltage 
obalSat; 
C); and 
signal to 
o-digital 
tions on 
Proc. of SPIE Vol. 10664  106640H-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
the RPi via a
data on a reg
trigger betwe
on a regular i
compensating
Two Pyth
digital input 
signal, or in t
a series of H
record the d
consisted of 
library that f
UTC. This w
down and is 
Figure 2 and
interval and 
to determine
systems. 
 logic level on
ular interval 
en the UAS an
nterval. Ambi
 reflectance v
on scripts wer
pins associated
he event the sy
TML function
ata on the onb
the spectrome
acilitated comm
as necessary b
normally conf
 Figure 3 dem
through a digit
 which proces
Figure 2: Emb
 a digital inpu
during UAS d
d ambient lig
ent light and re
alues for ambi
e written and c
 with pushbut
stem was con
s call to the SD
oard SD card
ter serial num
inucation wit
ecause the RP
igured to set t
onstrate the d
al input trigge
s was implem
edded control a
t pin. For UA
eployment, rat
ht system. For
flectance spec
ent light. 
onfigured to r
ton switches a
figured to take
K web serve
. Each measu
ber and a loca
h the GPS rec
i does not hav
he local time f
ata collection 
r, respectively
ented so that 
nd data acquis
S operations, 
her than trigg
 ground opera
tral data were 
un immediate
nd the PWM-t
 measurement
r causing the s
rement produc
l date/time st
eiver and regu
e a real-time c
rom a network
process in eac
. An on-off pu
identical prog
ition software b
the ambient lig
ering remotely
tions, both sys
interpolated to
ly upon startu
o-digital conv
s at a predefin
pectrometers t
ed a new file
amp. The seco
larly updated 
lock for keepi
 time protoco
h set of spectr
shbutton switc
rams resided o
lock diagram 
ht system wa
, to remove th
tems were con
 a synchronou
p. The first scr
erter. Upon rec
ed interval, the
o take measur
 with a uniqu
nd script initi
the local date 
ng track of loc
l (NTP) time 
ometers when
h mounted to 
n the ambien
 
for the ambient
s configured to
e need for a 
figured to col
s time interval
ipt continousl
eiving the app
 script would 
ements and th
e filename. Fi
ated the GPSD
and time on th
al time while p
server via the 
 operating at a
each system w
t light and ref
 light system.
 collect 
wireless 
lect data 
 prior to 
y polled 
ropriate 
generate 
e RPi to 
lenames 
 Linux 
e RPi to 
owered 
internet. 
 regular 
as used 
lectance 
Proc. of SPIE Vol. 10664  106640H-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
Each path
extracted fro
path differ sl
by a change 
autopilot (Fig
spectrometer
Figure 3: Em
 leaving the S
m the most rec
ightly dependi
of state on a d
ure 3). Regar
s into tab-delim
bedded control
tartRPi block 
ent GPS data 
ng on if the sy
igital input co
dless of the tri
ited text files
 and data acqu
represents an 
packet and us
stem is intende
rresponding to
gger method, 
. Figure 4 show
isition software
individual Pyt
ed to update th
d to be trigger
 a signal from
the RPi stored
s a picture of
 block diagram
hon script. In 
e time on the 
ed a regular in
 the PWM-to-
 the current lo
 the reflectanc
 for the reflecta
the left path, 
RPi at a 5-sec
terval based o
digital convert
cal time and r
e system moun
 
nce system. 
the UTC time
ond interval. T
n a timer (Figu
er when used 
ecorded data f
ted on a UAS
stamp is 
he right 
re 2) or 
with the 
rom the 
.  
Proc. of SPIE Vol. 10664  106640H-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
Figure 4
2.3 Referen
A referenc
cm × 30.5 cm
mounted at t
during field u
near-infrared
source (HL-2
Optics); and 
constant spec
A test stan
(from the top
top of the st
(Figure 5). T
change accor
: Reflectance sy
ce Target and
e target was f
 × 1.9 cm pie
he center of th
se. The refere
 spectrometers
000-HP-FHS
a Spectralon c
tral response a
d was used t
 of the stand)
and above the
he height of r
dingly. 
stem mounted 
th
 Test Stand 
abricated and 
ce of plywood
e reference ta
nce target was
 (HR400-7-V
A, Ocean Opt
alibration targ
t different tem
o consistently 
 and has a squ
 target and off
eflectance spe
on a DJI S1000
e shutter comm
calibrated aga
 with a 0.08 c
rget to allow t
 calibrated usi
IS-NIR, NIRQ
ics); a fiber o
et (WS-1-SL,
peratures and 
position the ta
are base for lo
-center to pre
ctrometers can
+. Data are rec
and in the UA
inst a white s
m thick Teflo
he reference ta
ng a backscatt
uest512, Ocea
ptic backscat
 Ocean Optics
atmospheric c
rget undernea
cating the ref
vent the midd
 be adjusted f
orded at pre-d
S autopilot. 
tandard. The r
n sheet glued 
rget to be mo
er reflectance 
n Optics, Dun
ter reflectance
). It was assum
onditions. 
th the reflecta
lectance target
le spectromete
or further exp
 
efined GNSS w
eflectance targ
to the surface.
unted to a stan
system that co
edin, Fla.); a 
 probe (QR20
ed that the re
nce system. T
. Spectromete
r from sampli
eriments, and 
aypoints by tri
et consisted o
 A threaded in
dard surveyin
nsisted of: vis
tungsten-halog
0-12-MIXED
flectance targ
he stand was 
rs were locate
ng the threade
the area samp
ggering 
f a 30.5 
sert was 
g tripod 
ible and 
en light 
, Ocean 
et had a 
1 m tall 
d on the 
d insert 
led will 
Proc. of SPIE Vol. 10664  106640H-6
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
Table 2 an
ambient ligh
light at the se
 
Figure 5: 
d Figure 6 sh
t spectrometer
nsor location 
Stand for moun
ow the area co
s were co-loca
and the reflect
ting spectrome
vered (X and 
ted on the top
ance target.  
ters and placin
Y) at different
 of reflectanc
g reference tar
 heights above
e spectromete
 
get underneath
 the reflectanc
rs to mitigate 
 sensors. 
e target. In th
variability in 
is setup, 
ambient 
Proc. of SPIE Vol. 10664  106640H-7
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
Table 2
 
2.4 Integrat
In additio
important pa
set too high, 
target classif
intensity. In t
signal withou
collection. T
recommenda
spectrometer
systems. Eac
replications f
shows the int
Figur
: Major (X) and
ion Time 
n to ambient 
rameter in refl
the spectrome
ication. Doubl
his study, inte
t saturation i
he integratio
tions to use t
, there were d
h spectral m
or each measu
egration time 
Table 3: Integ
e 6: Schematic 
 minor (Y) axi
differe
Di
light conditio
ectance measu
ter will produc
ing the integra
gration time fo
n any wavelen
n times for 
he factory so
ifferent time 
easurement re
rement, totali
for each spectr
ration time an
Spectrom
Ambient
Reflecta
of area covered
s dimensions of
nt sensor heigh
FOV 
mensions 
H
Y (m) 0
X (m) 0
ns, integratio
rements. Integ
e a saturated o
tion time was
r each reflecta
gth during m
the ambient 
lar irradiance
intervals for c
ported was a
ng 15 measur
ometer and me
d measurement
eters IntegUV
 light 1000
nce 70
 by a STS spec
 the FOV cover
ts above the re
eight Above 
1 0.75 0
.04 0.03 0
.09 0.06 0
n time of the
ration time is
utput, and if s
 assumed to h
nce spectrom
aximum ambi
light spectrom
 calibrations.
onsecutive me
n average of 
ements on eac
asurement int
 interval for am
ration Time (
VIS N
180
35
1
 
trometer on the
ed by the STS
flectance targe
Target (m) 
.5 0.25 
.02 0.01 
.04 0.02 
 reflectance s
 effectively a 
et too low, the
ave a similar 
eter was manu
ent light inten
eters were s
Considering 
asurements fo
5 sequential
h spectromete
erval for each 
bient light and
ms) Measur
IntervIR 
000
55 
2
 
 reflectance ta
spectrometers 
t. 
pectrometers 
form of gain o
 output will la
effect of doub
ally adjusted t
sity and keep
et according 
different integ
r the ambient
measurement
r per measure
system.  
 reflectance sp
ement   
al (s) 
9 
16 
rget. 
using 74-DA len
was considere
n the input sig
ck sufficient d
ling the ambi
o maximize th
 constant dur
to the manu
ration times 
 light and ref
s and there a
ment interval.
ectrometers  
ses at 
d as an 
nal – if 
etail for 
ent light 
e output 
ing data 
facturer 
on each 
lectance 
re three 
 Table 3 
Proc. of SPIE Vol. 10664  106640H-8
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Mar 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use
  
However, since integration times varied based on the spectrometer type and function, measurements were not temporally 
synchronized. To compensate for asychrnonous sampling, ambient light measurements were interpolated using two 
adjacent measurements and weighted according to the difference between the time of ambient light measurement and the 
time of reflectance measurement (ordinary kriging method). 
2.5 Calibration Equation 
Ambient light and sensor integration time were assumed to have a linear relationship with the raw measurement 
intensity from the reflectance system. Thus, compensating for ambient light and sensor integration time produced 
Equation 1, where the raw measurement intensity for each reflectance spectrometer was divided by the ambient light 
energy measured by the corresponding ambient light spectrometer and the integration time of the reflectance 
spectrometer. 
ఒܴ =
ܯఒ
ఒܵ × ݐ௜ 
Equation 1 
Where: 
ܴ was the compensated reflectance measurement from a sample (counts × µJ-1 × ms-1) 
ܯ was the raw measurement intensity of the reflectance spectrometer (counts) 
S was the ambient light energy (µJ) 
ti was the integration time of the reflectance spectrometer (ms) 
ߣ was the specific wavelength (nm) 
 
2.6 Data collection  
Spectral data were collected during the 2017 Great American Eclipse at the Russellville-Logan County Airport in 
Russellville, KY on August 21, 2017. The spectrometer systems were mounted to the test frame and configured to record 
automatically between 10:26 am and 4:10 pm CST (Figure 7). Data collection encompassed the entire eclipse, including 
totality. 
Ideally, each reflectance measurement should be paired with an ambient light measurement taken at the same time. 
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4. Conclusions 
In the first part of this study, a platform was developed to be deployed on a UAS to measure the reflectance intensity 
from a target. Two sets of portable STS spectrometers in three ranges of UV, VIS, and NIR were used along with a RPi 
to form a reflectance system and an ambient light system.in this platform. In the second part of this study, a method for 
compensating for ambient light conditions and sensor integration time was developed and tested during the 2017 Great 
American Eclipse. Results showed a large variability in reflected light intensity due to significant changes in sun 
radiance. Reflectance values were compensated using ambient light measurements and integration time. Compensated 
reflectance values showed a consistent spectral signature for measurements taken at different ambient light conditions. 
This method will useful for future field work where ambient light conditions cannot be controlled and the sensor 
integration time may need to be adjusted to optimize the sensitivity of the spectrometer. Future work should include 
testing the ability to classify different targets at varying ambient light conditions and to automatically adjust the 
integration time of each reflectance spectrometer based on previous measurements to maximize sensitivity. 
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